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(54) MICROARRAY FABRICATING DEVICE 



(57) A device for fabricating a high-density microar- 
ray for cDNA or protein having an arbitrary pattem com- 
prises an electrospray part for electrostatically spraying 
solutions containing a plurality of kinds of biologically 
active samples one by one, a support part supporting 
sample chips on which samples in the solutions sprayed 
from the electrospray part are deposited, a mask part 
disposed between the electrospray part and the support 



part and having holes the number of which is the same 
as that of the sample chips so as to selectively deposit 
the samples simultaneously in the adequate positions 
corresponding to the sample chips, a moving part for 
fabricating microarrays at a time by relatively moving the 
sample chjp support part and the mask part and depos- 
iting the samples on the sample chips. Therefore the de- 
vice can fabricate a large number of inexpensive high- 
density microarrays. . 
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Description 

Field of the Invention 

[0001] The present invention relates to a device 
(Microarrayer) for manufacturing microarrays (such as 
DNA chips, protein chips and organic compound chips, 
etc.). 

Background Art 

[0002] A genome of kinds of bacteria and yeast (i.e. 
base sequence of the entire genes) has been deter- 
mined in late years, and a human genome would be de- 
termined completely in the near future. Such a rapid 
progress of the genome sequencing technology makes 
it possible to clarify functions of the determined genes 
and functions of proteins derived from the determined- 
genes. It is said that the number of genes of yeast is 
approximately 6,200 and the number of genes of human 
being is approximately 100,000. Thus, a technology for 
manipulating at the same time a vast number of genes 
such as proteins and others is needed for making clear 
these functions. The microarfay technology has been 
rapidly developed in these years for accomplishing the 
above object and has attracted great attentions. The ob- 
ject of this technology is to achieve experimental sys- 
tems for synthesizing a number of oligonucleotides on 
substrates such as slide glasses and for immobilizing 
cDNAs or proteins. For example, there has been devel- 
oped an experimental system, in which a large number 
spot of cDNAs of all genes (genome) are disposed on 
one piece of slide glass, these spots are hybridized, and 
an intensity of the hybridization of respective spots is 
measured to determine expressions of respective 
genes. 

[0003] For Instance, U.S. Patent No. 5,445,934 dis- 
closes a DNA chip including synthesized oligonucle- 
otide on a substrate at a rate of not less than 1.000 
spots/cm2. Furthermore, "Nature Genetic Supple- 
ments", Vol. 21 (Patrick O. Brown et al. p33-37; David 
D.L.Bowtell p25-32, 1999, January) discloses a method 
for spotting cDNA solutions on a slide glass using a pin. 
Also, U.S. Patent No. 5,807,522 discloses a method for 
spotting cDNA solutions on a slide glass using a sole- 
noid vibrating the solutions. 

[0004] There have been proposed the following meth- 
ods of manufacturing microarrays: 

. (1) Photo-lithography method 

(2) Micro spotting method * 

(3) Ink-jet method. 



tool. In the method (3), solutions of cDNAs, etc. are 
dropped from a nan^ow nozzle using a piezoelectric 
transducer and so on. 

[0006] According to the method (1 ), successive spots 
5 can be placed at an inten/al of about 50-25 |xm to man- 
ufacture a microarray having a high spot density. How- 
ever, In this method, since an oligonucleotide is synthe- 
sized on the substrate, this method could not be applied 
to cDNAs which have been prepared separately. In ad- 
^0 dition, it takes a long time to design and manufacture a 
photomask, and thus this method is very expensive. In 
the methods (2) and (3), while these methods can be 
applied to cDNAs which have been prepared separately, 
a diameter of resulting spots is relatively large such as 
15 approximately 300-150 jxm, and therefore, it is hard to 
manufacture a microarray with a high spot density. Ow- 
ing to the reason that these methods require mechani- 
cally operation, they are suitable for manufacturing 
chips in small quantity, but are not suited for manufac- 
20 turing chips in mass production. According to a docu- 
ment (Vivian G. Cheung et al. "Nature Genetic Supple- 
ments" 1999, Jan.), If a size of a spot is reduced from 
200 |im to 50 \im, a quantity of sample needed for mak- 
ing a chip goes down to about 1/100. Thus, upon real- 
25 izing a practical microarray, one of critical problems to 
be solved is that how to reduce a spot size in order to 
obtain a chip with a high spot density. 
[0007] In order to make clear functions of various 
genes or proteins and to use these findings in research- 
30 ing new drugs, diagnosing diseases and selecting opti- 
mal drugs for individual persons and so on, a microarray 
containing cDNAs or proteins must be manufactured 
with a small spot size and a high spot density at low cost. 
Therefore, the present invention is to provide a device 
35 for manufacturing a high spot density microarray having 
a spot size (i.e. diameter) of several ^m to several tens 
M^m by using one or more samples which have been pre- 
pared separately. 

[0008] In PCT international publication W098/58,745 
40 and a document "Analytical Chemistry", Vol. 71 ' (Moro- 
zov et al. pp. 1415-1420, pp. 3110-3117, 1999)'. there 
have been proposed a device and a method for making 
solid spots or a film on a substrate by using the electro- 
static spray, while the biologically activities of biomole- 
45 cules such as a nucleic acid or a protein has are re- 
tained. 

A method and a device for manufacturing a microarray 
with very small spots simultaneously by adjusting vari- 
ous conditions have been also disclosed. However, 
50 since these method and device use a filter in the form 
of mesh, they could not provide a microarray, in which 
various samples are located at desired positions. 



[0005] In the method (1), oligonucleotides are synthe- Summary of the invention 

sized on a substrate using the same photo-lithography 55 

technology as that employed for manufacturing a sem- [0009] The present invention has for its object to pro- 

iconductor device. In the method (2), solutions of cDNAs vide a device for manufacturing a high spot density 

and the like are spotted on a substrate using a pin-like microarray, in which one or more cDNAs or proteins are 
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arranged in accordance with an arbitrarily pattern by de- 
veloping the above mentioned icnowledge. According to 
the invention, a device for manufacturing microarrays 
comprises: 

electro-spraying means for efectrostatically spray- 
ing, in sequence, a plurality of solutions each con- 
taining respective one of a plurality of kinds of bio- 
logically active samples; 

supporting means for supporting a plurality of sam- 
ple chips on which samples contained in the solu- 
tions and electrostatically sprayed from said elec- 
tro-spraying means are deposited; 
masking means disposed between said electro- 
spraying means and said supporting means and 
having holes whose number is equal to the number 
of the sample chips, a sample being selectively and 
simultaneously deposited on said sample chips at 
predetermined corresponding locations; and 
shifting means for shifting relatively said supporting 
means and said masking means such that the sam- 
ples are deposited on said plurality of sample chips 
to manufacture simultaneously a plurality of micro- 
arrays. Upon using the device for manufacturing 
microarrays according to present invention, a cap- 
illary provided in the electro-spraying means is 
moved to a center of an electro-spraying region and 
Is connected to a high voltage power source, and 
then the method disclosed in said patent publication 
and document (W098/58,745 and "Analytical 
Chemistry Vol. 71") is carried out to perform the 
electrostatic spray. 

[0010] in a first embodiment of the device for manu- 
facturing microarrays according to the invention, said 
electro-spraying means comprises a single capillary in- 
cluding one or more electrodes and liquid supplying 
means for feeding said plurality of solutions to said sin- 
gle capillary in sequence, each of said solutions con- 
taining respective one of said plurality of samples. Ac- 
cording to need, the device may further comprise clean- 
ing means for washing the capillary after a solution is 
electrostatically sprayed and before a next solutions is 
to be sprayed. 

[001 1] In a second embodiment of the device for man- 
ufacturing microarrays according to the invention, said 
electro-spraying means further comprises holding 
means for holding a plurality of multi-capillary cassettes 
each of which includes a plurality of capillaries each hav- 
ing one or more electrodes which are selectively con- 
nected with a power source for electro-spraying; and 
conveying means for conveying successively said plu- 
rality of multi-capillary cassettes to an electro-spraying 
location. In both of the first and the second embodiments 
of the microarray manufacturing device, said electro- 
spraying means may further comprise pressurized air 
supplying means for supplying a pressurized air to a sin- 
gle capillary or all of the capillaries in said multi-capillary 



cassettes simultaneously to convey the solution to a tip 
of the capillary or tips of all capillaries upon the electro- 
spraying. Furthermore, in both of the first and second 
embodiments of the microarray manufacturing device, 
5 the device may comprise driving means for moving the 
single capillary or the multi-capillary cassette upon the 
electro-spraying. 

[0012] In order to assist the electro-spraying, the de- 
vice may comprise pressurized air supplying means for 

10 supplying simultaneously a pressurized air to all the 
capillaries in said multi-capillary cassettes to convey the 
solution to tip of the all capillaries when the solution is 
electrostatically sprayed by the electro-spraying means. 
Moreover, said holding means for holding a plurality of 

15 multi-capillary cassettes may includes means for con- 
trolling temperature of a plurality of solutions contained 
in the capillaries in the multi-capillary cassettes (for ex- 
ample cooling them) . According to this arrangement, 
the biological activities or biological functions of sam- 

20 pies can be kept much more effectively. 

Brief Description of the Drawings 
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[0013] 

J> 

Fig. 1 is a perspective view illustrating the arrange- 
ment of the single capillary system according to the 
invention; 

Fig. 2 is a perspective view depicting the arrange- 
ment of the multi-capillary system according to the 
invention; 

Fig. 3 is a cross section diagram and an exploded 
perspective view of a mask; 

Fig. 4 is a perspective diagram illustrating the struc- 
ture of the multi-capillary cassette; 
Fig. 5 is a perspective diagram showing the struc- 
ture of the sirigle capillary system; 
Fig. 6 is an electrical circuit diagram depicting the 
multi-capillary system; 

Fig. 7 is a schematic diagram showing the electrical 
wiring and pipe layout; 

Fig. 8 is a schematic diagram illustrating the driving 
mechanism during the manufacture of the microar- 
rays and X-Y system and X-Y-Z system; and 
Fig. 9 is a schematic diagram depicting a manner 
of moving a mask on X-Y plane as well as a se- 
quence of forming a number of spots. 

Detailed Description of Preferred Embodiments 

First Embodiment 



[0014] A first embodiment of the device for manufac- 
turing microarrays according to the present invention 
55 constructed as a single capillary system will be de- 
scribed. As shown Fig. 1, the single capillary system 
comprises a single capillary 11. The system is mainly 
consisting of an electro-spraying part 1 0, a masking part 
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20 and a supporting part 30 for supporting a substrate, 
in the device for manufacturing microarrays of the 
present embodiment, a plurality of the solutions contain- 
ing respective biological active samples are electrostat- 
ically sprayed and are deposited on desired positions in 
depositing areas of substrates by means of a mask. This 
system comprises the capillary 11 including an elec- 
trode, the electro-spraying part 10 including a guard ring 
1 2 and a shield 1 3, the masking part 20 including a mask 

21 and a mask holder 22, and the movable sut)strate 
supporting part 30 including a plurality of sample chips 
31 and a sample chip holder 32. That is, the device for 
manufacturing microarrays according to the invention 
comprises electro-spraying means for electrostatically 
spraying, in sequence, a plurality of solutions each con- 
taining respective one of a plurality of kinds of biologi- 
cally active samples; supporting means for supporting 
a plurality of sample chips 31 on which samples con- 
tained in the solutions and electrostatically sprayed from 
said electro-spraying means are deposited; masking 
means disposed between said electro-spraying means 
and said supporting means and having holes whose 

■ number is equal to the number of the sample chips 31, 
a sample being selectively and simultaneously deposit- 
ed on said sample chips at predetermined correspond- 
ing locations; and shifting means for shifting relatively 
said supporting means and said masking means such 
that the samples are deposited on said plurality of sam- 
ple chips to manufacture simultaneously a plurality of 
microarrays. 

[001 SI The capillary 1 1 (made of glass, plastics, etc.) 
may contain solutions including cDNA, proteins, etc., 
and has the electrode provided therein. The capillary 11 
is configured to apply a voltage to the solution via the 
electrode and a pressurized air is supplied to the capil- 
lary from its top when required. In case of spraying many 
kinds of cDNAs, proteins and the like, capillaries can be 
selectively mounted by using a capillary changer (not 
shown in Fig. 1) or manually. Alternatively, in order to 
prevent contamination, the capillary 11 may be washed 
by pure water and the like each time solutions are 
changed during the electro-spraying. The device may 
comprise means for moving one or more capillaries dur- 
ing the electro-spraying (not shown in Fig. 1). By moving 
the capillary during the electro-spraying, a sample can 
be sprayed over a wider area in one-spray, that is a sam- 
ples can be spread over a larger number of sample chips 
in one-shot. Said moving means may be constructed 
such that the capillary is shifted or the sample holder 
and/or mask may be shifted. That is to say, the moving 
means may be constructed to move the capillary and 
the sample chips relatively. The guard ring 12 sen/es as 
an electrode for preventing diffusion of sprayed particles 
(i.e. solution) and is made of an electrically conductive 
material. An ES (Electro-Sprayer) is fully covered with 
a casing 14 such that the entire electro-spraying part 
can be protected from an influence of moisture and air 
turbulence. The shield 13 made of an electrically insu- 



lating material or a dielectric material (such as glass and 
plastics) and functions to spread sprayed particles uni- 
formly. 

[0016] The casing 14 has a dry air Inlet 15 for supply- 
5 ing a clean and dry gas such as a dry air to accelerate 
a drying speed of sprayed particles and to suppress con- 
tamination by ambient atmosphere. The sample chip 
holder 32 supports a plurality of sample chips 31 (i.e. 
microan-ays) such that the sample chips 31 are fixed by 

10 evacuation or electrostatic attraction to keep a right po- 
sition relative to the mask 21. The sample chip holder 
32 is precisely disposed in parallel with the mask 21 to 
keep a distance (a gap) between the holder 32 and the 
mask 21 constant. An X-Y stage 33 is controlled such 

^5 that the holder 32 is driven over an X-Y plane to vary a 
relative position between the chips 31 and the mask 21 
to form spots of samples at desired positions. 



20 



A second embodiment 



[0017] A second embodiment of the device for man- 
ufacturing microarrays according to present invention 
constituted as the multi-capillary system will be de- 
scribed. As shown Fig. 2, the multi-capillary system us- 
25 es multi-capillary cassettes each having a plurality of 
capillaries 51 and is suitable to spray more kinds of cD- 
NAs or proteins effectively than the above explained sin- 
gle capillary system, while different kinds of solutions 
can be electrostatically sprayed without cross contami- 
30 nation by automatically changing the capillaries 51. A 
plurality of capillaries 51 are held in a cassette 52, and 
each cassette comprises a connector 53 connected to 
electrodes provided in respective capillaries 51 via elec- 
trical wiring and a gas supply channel for applying pres- 
35 sure. By using these components, an ESD (Electrostatic 
Spray Device) electric unit 54 (high voltage generating 
and switching) connected to the connector 53 through 
a cable 55 applies a high voltage to the capillaries 51 
selectively to select samples to be electrostatically 
40 sprayed rapidly and many kinds of spots can be depos- 
ited rapidly. 

[0018] When a multi-capillary cassette 52 is mounted, 
electi-odes provided in capillaries within the cassette can 
be connected to the high voltage power supply source 
45 54 via the connector 53 and cable 55. The ESD unit 54 
generates a high voltage required for electro-spraying 
and changes the application of the high voltage to cap- 
illaries to alter substances to be electrostatically 
sprayed. In addition to the high voltage (about 
50 2000-4000 V) to be provided to solutions to be electro- 
statically sprayed, the ESD unit 54 also provides high 
voltages (about 500-3000 V) applied to a guard ring and 
a coHimating ring (not shown Fig. 2). 
[0019] The case 56 protects an electro-spraying proc- ' 
55 ess from disturbance like as the single capillary system. 
A large-scaled shield 57 is formed by a mesh of an in- 
sulating material or a dielectric material and ensures 
uniform distribution of the electrostatically prayed parti- 
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cles. An auto capillary changer 58 Is constructed by a 
robot arm or an X-Y-2 stage and is movable freely be- . 
tween an electro-spraying part and a multi-capillary cas- 
sette hanger 59. Thus the changer 58 can exchange the 
murtl-capillary cassettes. Sample solutions may be sup- 
plied into capillaries by means of a filler equipped in at 
hanger 59 or may be sucked into capillaries from a sam- 
ple pallet 60 provided separately by means of an auto- 
matic sampler. 

[0020] In the multi-capillary system, although relative 
positions of respective capillaries and corresponding 
masks and substrates are different, if a distance be- 
tween the capillary and the mask or substrate is long 
enough, particles would be diffused uniformly and are 
deposited uniformly at deposition areas on respective 
substrates. In a modified embodiment, the capillaries 
are successively indexed at a center of the electro- 
spraying part each time respective solutions are 
sprayed. Like as the single capillary system, also in the 
multi-capillary system there may be arranged the driving 
means for moving the capillary upon the electro-spray- 
ing (not shown in Fig. 2). 

[0021] A mask structure 40 shown in Fig. 3 has func- 
tion for converging particles sprayed from the capillary 
and directing said particles to each of spots to form de- 
sired size spots on desired respective locations. The 
mask 40 is applicable commonly to both the single cap- 
illary system and the multi-capillary system. The mask 
40 is formed by laminating an insulating layer 41, an 
electrically conductive layer 42, an insulating layer 43 
and a mask layer 44 (insulating material layer) in this 
sequence viewed from the capillary. At an early stage 
of the electro-spraying, the insulating layer 41 is 
charged by deposition of charged particles. However, 
after that, charged particles are prevented from being 
deposited on mask layer and the insulating layer 41 
serves to converge the sprayed substances toward 
minute holes formed in the mask 40. To this end, the 
mask structure 40 is designed such that a diameter of 
an opening of a hole facing the electro-spraying means 
has a longer diameter than that of an opening of the hole 
facing the sample chips (on a side of the substrate sup- 
porting part). The electrically conductive layer 42 con- 
stituting the collimating ring Is made of an electrically 
conductive material such as metal. 
The conductive layer 42 generates a electric field which 
repels the charged particles and collects the particles 
toward centers of the minute holes by applying a medi- 
um voltage so that capturing efficiency is improved. The 
insulating layer 43 has a function for insulating the col- 
limating ring from a mask layer 44 mentioned below. 
[0022] The mask layer 44 is formed by a thin layer (for 
example range from ten yum to several hundred p.m) of 
an insulating or dielectric material such as mica and sil- 
ica glass. The mask layer 44 has a number of pertorated 
holes 44a (pore size in a range of a few \im to one hun- 
dred -^m) whose size (Le. diameter) is almost same as 
that of a desired spot. It is considered that the mask layer 



has a similar function to that of the insulating layers 41 
and 43. That is to say, after the mask layer have been 
charged by the deposition of charged particLes, charged 
particles are directed to center of the hole by electro- 

5 static repelling force. 

A spacer 45 made of an insulating material such as plas- 
tics and glass or a metal and has a thickness of approx- 
imately several p.m to several tens p,m. The spacer 45 
is provided for making a space between the mask struc- 

10 ture 'and the sample chips (i.e. the sample holder) to 
avoid mechanically contacting. The mask structure 40 
has several tens to several ten thousands mask holes. 
By using such mask structure, a great large number of 
sample chips can be manufactured simultaneously. 

15 [0023] In general, sample chips whose number is 
equal to that of the holes of the mask structure are set 
and a plurality of chips are manufactured simultaneous- 
ly in one task. The sample chip is made of optical glass 
coated with an electrically conductive material (such as 

20 ITO (Indium Tin Oxide or a metal film etc.)), a metal 
plate, soda glass or electrically conductive plastics. 
It should be noted that although plastic materials are 
considered to be electrically insulating, they have a 
slight conductivity, in general, and therefore plastic ma- 

25 terials may be used as a substrate without applying an 
electrically conductive coating. Thus in a practical sense 
materials which are not suited for the sample chip is lim- 
ited to fiuorocarbon resin, silica glass and so on. An 
electrically conductive part of the chip is grounded 

30 through, for instance, the sample holder In order to re- 
move an electrostatic charge generated by charged par- 
ticles deposited on the chips. In the present embodi- 
ment, the chips are shifted to adjust deposition sites of 
particles. Instead of moving the chips, the mask may be 

35 moved to adjust the deposition locations. Also, instead 
of moving the mask, deposition sites on chips may be 
shifted by forming a substrate by a transparent glass 
coated with a photo-conductive layer and by irradiating 
light from beneath of the glass chips. It should be noted 

40 that a chip size, the number of the chips and so on may 
can be varied in various ways. For example, the follow- 
ing arrangement may be used in this embodiment: 

chip size; 10mm by 10mm 
45 the number of chips manufactured in one time; from 
one hundred (10 x 10) to several thousands (33 x 
33), 

the number of spots : from 1 ,000 to 100,000, 
spot size ; circular shape having a diameter of about 
50 10-50 ^m 

spot pitch ; from 20 \im to 100 \xm. 

It is easy to enlarge a spot size, but in this case a chip 
size has to be increased or the number of spots has to 
55 be reduced. According to the invention, sample sub- 
stances are, In general, proteins such as enzyme, re- 
fined receptor, monoclonal antibody, fragment of anti- 
body. Also, DNA and its fragment, cDNA and its frag- 
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ment, various kinds of organic macromolecule com- 
pounds, and minute particles such as membrane inte- 
gral receptor and virus may be also used as sample sub- 
stances. 

[0024] In the present embodiment, since the mask 
with 100 holes is utilized, 100 (10 by 10) chips (micro- 
arrays) are set on the sample holder. A multi-capillary 
cassette with 96 wells is used as a capillary storage, and 
each capillaries have different sample solutions. Now it 
is assumed that 10,000 spots are to be formed in total, 
105 units of multi-capillary cassettes each having 96 
wells and 1,000 kinds of sample solutions have to be 
prepared. Each of these solutions is infused into each 
of the capillaries. A square plate of 10mm by 10mm is 
used as a sample chip and spots having a diameter of 
20 p,m are to be deposited with a pitch of 80 ixm. In this 
manner. 10,000 spots can be formed on a single chip. 
A deposition time of about 10 seconds is required to 
fomn one spot, and therefore it takes 28 hours to form 
10,000 spots. In this embodiment, since 100 units of 
chips can be manufactured simultaneously, 100 units of 
chips each having 10,000 spots can be manufactured 
simultaneously in 28 hours. 

[0025] The mask structure is designed to be manu- 
factured easily in the following manner: 

(1) A metal layer (aluminum, copper, etc.) and an 
insulating layer are successively provided on an in- 
sulating plate (PMMA, fluororesin, etc.). 

(2) The thus laminated plate is drilled from above 
using a tool such as end mill and a number of con- 
ical h6le$ are formed. 

(3) A number of minute holes are formed in a plate 
made of mica or silica glass, etc. using abrasive 
jets, etching or microscopic machining or the like, 
then this plate is built-up on the laminated pigte 
formed in the process (2). 

(4) Finally the spacers are adhered on a bottom sur- 
face of the laminated plate. In this manner the mask 
structure is attained. 

[0026] As shown in Fig. 4, a multi-capillary cassette 
70 includes a capillary support base 71 (made of plastics 
such as PMMA, etc.), and a plurality of capillaries 72 are 
mounted on the base 71 . Each of the capillaries 72 has 
an electrode (not shown) and each of the electrode is 
connected with an electric connector 73 via a wiring pat- 
tern 74. These capillaries 72 contain different kinds of 
sample solutions. The multi-capillary cassette further 
comprises a pressurized air inlet 75 and conduit chan- 
nels 76. Upon electro-spraying, it is possible to pressu- 
rize the sample solutions contained within the capillar- 
ies, and when the inlet is coupled with a suction device, 
it is possible to suck in the solutions within the capillar- 
ies. In the present embodiment, the application of pres- 
sure and reduced pressure is carried out for all the cap- 
illaries simultaneously. By applying the pressure, a sam- 
ple solution is fed to a tip of capillary to make a condition 



that the electro-spraying could be performed easily. This 
application of pressure is not essential and is second- 
arily used for making a condition that the spraying is per- 
formed easily. In this manner, under the situation that 
the sample solutions are fed to tips of all capillaries, a 
high voltage Is applied to one of the capillaries, and then 
a sample solution contained in this capillary js sprayed 
by the electrostatic force to forms a number of minute 
droplets. Of course, it is also possible to apply the pres- 
sure only to a selected one capillary and a high voltage 
is applied to this ^selected capillary. Usually the multi- 
capillary cassette 70 is disposable and there is no need 
for washing. The multi-capillary cassette may be also 
reused by washing. A number of sample solutions are 
simultaneously sucked into capillaries from the sample 
palette, as shown in Fig. 2. Altematively, capillaries hav- 
ing sample solutions previously contained therein may 
be mounted on the base. 

[0027] Fig. 5 shows a single capillary 80, which com- 
prises a capillary 81 (about one to several mm in diam- 
eter) with a narrow tip (about a few ^ to several tens 
M-m in diameter) made of glass or plastics, etc., an elec- 
trically conductive wire 82 (made of platinum, etc.) as a 
electrode and a capillary holder 83. The capillary 8 1 con- 
tains a sample solution. The capillary holder 83 is con- 
nected with the high voltage power supply through the 
conductive wire 82. 

At a top of the capillary holder 83 there is provided an 
inlet 84 for introducing the pressurized air which assists 
the elactro-spraying or the reduced pressure to suck a 
sample solution from a tip of the capillary. Since different 
kinds of sample solutions are used, capillaries are ex- 
changed for respective kinds of solutions, alternatively 
a single capillary can be reused by sucking and dis- 
charging a pure water. However, since the screening ex- 
periment allows slight contamination, the capillary ex- 
change and the capillary cleaning are not necessary. 
[0028] Fig. 6 illustrates an electrical connection of the 
multi-capillary system. In the multi-capillary system, 
there are provided a plurality of capillaries 90, a high 
voltage switch 91 (provided within the electric equip- 
ment), high voltage power supplies V1, V2 and V3, a 
guard ring 92, a mask structure 93 and a substrate sup- 
porting part In which a number of sample chips 94 are 
an-anged. The sample chip 94 is coated with an electri- 
cally conductive material or is made of an electrically 
conductive material, and its conductive part is connect- 
ed to 0 V (ground potential). The mask staicture 93 is 
located just above -^the sample chips 94. A guard ring 
electrode 95 is connected with the collimating voltage 
power source V3. The guard ring 92 is connected with 
the voltage power source V2. The electro-spraying volt- 
age power source VI Is connected to a capillary 90 via 
the high voltage switch 91 . These voltages are generally 
55 set to VI =2,000-5,000 volt., V2=2.000-5,000 volt, and 
V3=500-3,000 volt., and have relationship of V1 • V2 > 
V3. In accordance with the switching of the high voltage, 
the mask structure 93 is driven by an X-Y stage (or 
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X-Y-Z stage) to form sample spots with desired size at 
desired locations. By repeating this operation, a plurality 
of the chips having a desired large number of spots with 
desired size can be manufactured simultaneously. 
[0029] Fig. 7 is a schematic diagram showing the 
electrical wiring and conduit layout of the single capillary 
system. While said multi-capillary system has a plurality 
of the capillaries, the single capillary system has only 
one capillary 100. Various kinds of sample solutions are 
successively fed into the single capillary ICQ to form 
microarrays. The single capillary 100 is coupled with a 
pump 101 and a sampler 102 for sucking the sample 
solutions 103. In this manner, the sample solutions such . 
as cDNA and protein can be successively fed into the 
capillary 100. It should be noted that since a diameter, 
of a conduit tube 107 is sufficiently small, sucked sample 
solutions are banked as respective layers within the 
tube and can be prevented from being mixed with each 
other. In order to manufacture microarrays, the sample 
chips 104 or the mask 105 is shifted using the X-Y (or 
X-Y-Z) stage every time sample solutions are electro- 
statically sprayed such that sprayed particles are depos- 
ited at desired positions to form sample spots. In case 
of the screening experiment, slight contamination is no 
problem, and therefore, sample solutions can be sucked 
into capillaries without washing or exchanging capillary. 
Alternatively, a pure water may be sucked into the cap- 
illary between successively sucked sample solutions, 
and after spraying a sample solution * a pure water is 
sprayed to clean inner walls of the capillary and conduit 
pipe. In this case, the pure water used for cleaning may 
be discharged by a pressurized air, and then the dis- 
charged water is easily vaporized. Thus, in general. It is 
unnecessary to provide any means for collecting the wa- 
ter. 

[0030] Fig. 8 is a schematic diagram illustrating the 
driving method of the X-Y stage or X-Y-Z stage during 
the formation of microarrays. That is. Fig. 8 shows rel- 
ative positions between the mask structure and the sam- 
ple chips during the formation of sample spots. As de- 
scribed above, the spacers are mounted on the bottom 
surface of the mask structure for keeping an appropriate 
distance between the mask structure and the sample 
chips to avoid- undesired mechanical contact of the 
mask with deposited spots of cDNA or protein and pre- 
vent contamination or damage. Therefore, the spacers 
contact with surfaces of the sample chips during the 
electro-spraying. A thickness of the spacer is deter- 
mined by height of a spot to be formed. The spacer is 
designed to have suitable configuration and dimension 
such that the spacer does not interfere previously de- 
posited sample spots. There are two driving methpds; 
in the first method (Fig. 8A), the sample chips are moved 
only on the X-Y plane, and in the second method (Fig. 
8B), the sample chips are moved on the X-Y plane as 
well as in the Z-dlrectlon (a direction perpendicular to 
the mask). The first method is applicable If surfaces of 
the sample chips and spacers are made of materials 



having a relatively good abrasion proof. Since it does 
not require the control in the Z direction, the stage has 
a simpler structure. The second method is preferable for 
a case, in which surfaces of the sample chip and/or the 
5 spacers might be damaged by the movement of the 
spacers. 

[0031] The driving method on the X-Y plane (Fig. 8A) 
is as follows: 

10 (1) In the beginning, the mask structure is located 
at a predetermined position on the sample chips. 

(2) Spots are formed on the sample chips by the 
electro-spraying. 

(3) The sample chips are moved on the X-Y plane 
15 by driving the X-Y stage which holds the sample 

chips, such that next spotting positions of the chips 
are indexed. 

(4) Spots are formed on the thus indexed spotting 
positions by the electro-spraying. 

20 (5) A necessary quantity of sample spots are 
formed by repeating the steps (3) and (4). 

[0032] The second driving method in the X-Y-Z direc- 
tions (Fig. 8B) is as follows: 

25 

(1) In the beginning, the mask structure is located 
at a predetermined position on the sample chips. 

(2) Sample spots are formed on the sample chips 
by the electro-spraying. 

30 (3) The sample chips are removed from the mask 

structure by driving the Z stage. 
(4) The. sample chips are moved on the X-Y plane 
by driving the X-Y stage such that next spotting po- 
sitions are indexed. 

35 (5) The sample chips are contacted again with the 
mask structure by driving the Z stage. 

(6) Sample spots are formed on the sample chips 
by the electro-spraying. 

(7) A necessary quantity of sample spots are 
40 formed by repeating the steps (3) and (4). 

[0033] In the present embodiment, the sample chips 
are mounted on the X-Y stage or the X-Y-Z stage, while 
the mask is fixed. According to the present invention, it 

45 is sufficient to change a relative position between the 
sample chips and the mask, and therefore either one of 
the sample chips and the mask structure may be driven 
in the X axis and Y axis and Z axis. 
[0034] Fig. 9 is a schematic diagram depicting a man- 

50 ner of moving the mask on the X-Y plane and successive 
steps of forming a number of sample spots. As shown 
in an upper left part in fig. 9, the mask has a number of 
minute holes viewed from above, and sample chips 110 
are disposed below the mask. One of the chips 110 is 

55 shown in an enlarged scale, a spacer 112 is mounted 
on a bottom surface of a portion of the mask structure 
having a minute hole 111. The movement in the vertical 
direction (i.e. Z direction) has been explained with ref- 
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erence to Rg. 8. in order to avoid contamination and 
damage of the already deposited sample spots, the rel- 
ative movement of the mask structure and sample chips 
has to be controlled precisely. In the present embodi- 
ment, the mask structure having specially configured 
spacers 1 1 2 shown in Fig. 9 is utilized, and sample spots 
are formed in the following manner: 

(1) The minute hole 111 in the mask is indexed at 
an upper left corner of a sample chip 110 

(2) A first spot is formed on the sample chip by the 
electro-spraying. 

(3) The mask is sifted to right. 

(4) A second spot is formed on the sample chip by 
the electro-spraying. 

(5) A lots of spots are formed on the sample chip by 
repeating the steps (3) and (4). In this case, the 
spacer is moved along a trajectory such that previ- 
ously deposited spots are not brought into contact 
with the spacer. 

[0035] As illustrated in Fig. 9, spots are successively 
disposed on the sample chip from its upper left corner 
to its upper right corner to form a first row of sample 
spots. After the spot has been disposed on the upper 
right comer, the stage Is shifted just below the first row, 
then spots are disposed in sequence from left to right to 
form a second row of sample spots. In this manner, a 
number of the sample spots can be formed on the sam- 
ple chip without contacting the spacer 112 with previ- 
ously deposited spots. The trajectory of the movement 
of the spacer and a shape of the spacer are not limited 
to the above explained example, wide variety of combi- 
nation are possible. 

Industrial Applicability 

[0036] The advantages of the device according to 
present invention are summarized as follows: 

(1) The device is applicable to separately prepared 
DNAs, proteins' and other compounds. 

(2) A great number of the spots can simultaneously 
be formed in a short period of time, thereby a large 
number of sample chips can be manufactured si- 
multaneously. 

(3) Very minute spots (1-2 \xm diameter) can be de- 
posited and sample chips with, a high spot density 
could be manufacture. 

(4) The spots can be formed using only small 
amounts of sample solutions. 

(5) As the result of the above mentioned merits, cost 
of the chips (i.e. microarrays) as an end product 
may be reduced notably lower than that of conven- 
tional chips. 

[0037] As described above, since the present inven- 
tion is applicable to various substances such as DNAs 



and proteins, the present invention is suitable for various 
applications as follows: 

(1) Analysis of genes (gene expression monitoring, 
^ gene sequencing, etc.) 

(2) Analysis of functions of proteins 

(3) Diagnostic products (gene diagnosis, typing of 
an enzyme, determination of allergen, identification 
or typing of infection fungus, etc.) 

^0 (4) Curing diseases (determination of drugs best fit 
for respective conditions of genetic strains or phys- 
iological characteristics of patients, etc.) 
(5) Screenings of drugs and the like (nnulti -factor 
high-throughput screening is possible) 

f5 (6) Analyses (analysis of toxicity of compound, en- 
vironment, contamination of microbe of foods or 
etc.) 

[0038] In. addition to the above listed applications, it 
20 is expected that a much more wider variety of applica- 
tions will be found in the future. 

Claims 

25 ' . 

1 . A device for manufacturing microarrays comprising: 

electro-spraying means for electrostatically 
spraying, in sequence, a plurality of solutions 
each containing respective one of a plurality of 
kinds of biologically active samples; 
supporting means for supporting a plurality of 
sample chips on which samples contained in 
the solutions and electrostatically sprayed from 
said electro-spraying means are deposited; 
masking means disposed between said elec- 
tro-spraying means and said supporting means 
and having holes whose number is equal to the 
numberof the sample chips, a sample being se- 
*o lectively and simultaneously deposited on said 

sample chips at predetermined corresponding 
locations; and 

shifting means for shifting said supporting 
means and said masking means relatively such 
that the samples are deposited on said plurality 
of sample chips to manufacture simultaneously 
a plurality of microarrays. 

2. The device according to claim 1 , wherein said elec- 
'*o tro-spraying means comprises: 

a single capillary including one or more elec- 
trodes; and 

means for successively feeding to said capillary 
5 said plurality of solutions each containing re- 

spective one of said plurality of biologically ac- 
tive samples. 
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3. The device according to claim 2, wherein the device 
further comprises means for cleaning said capillary 
after a sample solution has been electrostatically 
sprayed and before a next sample solution is elec- 
trostatically sprayed. 

4- The device according to claim 2, wherein said elec- 
tro-spraying means further comp'rises means for 
feeding a pressurized air into the capillary to convey 
the solution to tip of the capillary when the solution 
is to be electrostatically sprayed. 

5. The device according to claim 2, wherein said elec- 
tro-spraying means further comprises a guard ring 
and/or a shield for preventing diffusion of the elec- 
trostatically sprayed substances from said capillary. 

6. The device according to claim 2, wherein the device 
further comprises means for shifting relative posi- 
tion between said capillary and said supporting 
means and masking means such that the samples 
are deposited on each of said plurality of sample 
chips and a plurality of microarrays are manufac- 
tured simultaneously. 

7. The device according to claim 1 , wherein said elec- 
tro-spraying means further comprises: 

means for holding a plurality of multi-capijiary 
cassettes each including a plurality of capillar- 
ies each containing. respective one of said plu- 
rality of sample solutions and having one or 
more electrodes which are selectively connect- 
ed with a power source for electro-spraying; 
and 

transporting means for successively transport- 
ing. said plurality of multi-capillary cassettes to 
an electro-spraying site. 

8. The device according to claim 7, wherein said elec- 
tro-spraying means further comprises means for 
applying a pressurized air to all the capillaries in 
said multi-capillary cassette to convey the sample 
solutions to tips of capillaries when the solutions are 
to be electrostatically sprayed. 

9. The device according to claim 7, wherein said hold- 
ing means further comprises means for controlling 
a temperature of the plurality of sample solutions 
contained in said capillaries held in the multi-capil- 
lary cassette. 

10. The device according to claim 7, wherein said elec- 
tro-spraying means further comprises a guard ring 
and/or a shield for preventing diffusion of the elec- 
trostatically prayed substances from said capillaries 
provided in the multi-capillary cassette. 



1 1 . The device according to claim 7, wherein the device 
further comprises means for shifting relative posi- 
tion between said multi-capillary cassette and said 
supporting means and masking means such that 

5 the samples are deposited on each of said plurality 

of sample chips to manufacture a plurality of micro- 
arrays simultaneously. 

12. The device according to claim 1, wherein said hole 
10 of the masking means is formed such that a size of 

an opening of the hole facing said electro-spraying 
means is larger than a size of an opening of the hole 
. facing said holding means. 

15 13. The device according to claim 1, wherein said 
masking means comprises a collimating ring for col- 
• lecting electrostatically sprayed particles toward the 
hole, said collimating ring being formed integrally 
with the masking means. 

20- 

14, The device according to claim 13, wherein said col- 
limating ring Is held between a pair of electrically 
insulating layers. 

25 1 5. The device according to claim 1 , wherein said shift- 
ing means for moving said sample chip supporting 
means and said masking means relatively compris- 
es an X-Y stage or X-Y-Z stage for shifting said sup- 
porting means with respect to said masking means. 

30 

16. The device according to claim 1 , wherein the device 
further comprises a plurality of spacers fixed to a 
surface of said masking means facing to said sam- 
ple chips at positions near each of the plurality of 
35 the holes formed in the masking means. 

17.. The device according to clainh 1, wherein the device 
further comprises means for feeding a purified dry 
air through a casing which surrounds a electro- 
de spraying site. 

1 8. The device according to claim 1 , wherein said sam- 
ple chips are made of an electrically conductive ma- 
terial or an electrically insulating material coated 
45 with an electrically conductive material and are con- 
nected to the ground potential. 
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FIG. 3 
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